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(54) Sealing apparatus and method for packaging machine 



(57) A sealing apparatus includes a plurality of pairs 
of upper and lower sealing die assemblies (27,28) which 
travel around upper and lower pairs of oval tracks 
(23,24;25 } 26). Each of the oval tracks incudes upper 
and lower horizontal portions and front and rear curved 
end portions. Each pair of die assemblies is driven in- 
dependently of the other pairs. Each of the die assem- 
blies includes a pair of carriages (31 ,32;65,66) which 
are supported by the tracks and a sealing die (30,64) 
which extends between the carriages. A pair of bogie 
arms (38 ; 39; 72,73) are pivotally mounted on each of the 
carriages, and a pair of rollers (34-37,41-44; 
68-71 ,75-78) which are rotatably mounted on each bo- 



gie arm ride on one of the tracks. 

The sealing apparatus seals a series of products 
(P) in a plastic film (F) as the products and film are ad- 
vanced along a horizontal path which extends between 
the upper tracks and between the lower tracks. A first 
pair of upper and lower sealing dies engage the film be- 
hind a first product and in front of a second product as 
the first dies move along the curved rear end portions 
of the tracks. The first dies push the film against the rear 
of the first product and seal and sever the film as the 
first dies move along the horizontal portion of thetracks. 
A second pair of dies engage the film behind the second 
product and repeat the sealing and severing operation. 
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Description 

A. Wrapping Apparatus and Process 

[0001] This invention relates to machines for packag- 
ing individual rolls or groups of rolls in a film. Such ma- 
chines are described in detail in U. S. Patent Nos. 
5,433,063, 5,228,273, 4,430,844, 5,255,495 and U. S. 
patent application Serial Nos. 08/147,153 and 
08/143,455. 

[0002] Such packaging machines are particularly 
useful for wrapping rolls of bathroom tissue or house- 
hold paper towels. Such rolls conventionally include a 
core and paper wound around the core. One or more 
wound rolls are overwrapped with a tube of plastic film, 
and the edges of the film are sealed to form a package. 
[0003] Prior to this invention, the overwrapping proc- 
ess was continuous motion, consisting of multiple lane 
product infeed choke belt conveyors. The conveyors 
feed product in time to a flighted chain conveyor in the 
desired package format across a dead plate to an over- 
head chain conveyor with attached product pusher pad- 
dles. The product continues to be conveyed in time, 
pushed by the overhead conveyor pusher paddles 
across another dead plate to a girth former which over- 
wraps the product with continuously unwound film from 
an unwind positioned at 90° to the flow of product 
through the machine. The film entubes the product is 
then overlapped and sealed in a longitudinal direction. 
The wrapped product is advanced downstream via con- 
veyor pull belts, and perforations in the film produced at 
the unwind section are severed by timed paddles which 
impinge the sealed tube of film exactly where the cir- 
cumferential perforations are positioned exactly halfway 
between the entubed wrapped products. At this point, 
the longitudinally sealed overwrapped product becomes 
separated at the film perforations. Film extending be- 
yond the ends of the product remain for sealing the ends 
of the package downstream later in the process. 
[0004] The product continues to be transported via 
conveyor belts and then is transferred by an overhead 
chain conveyor with pushers attached which are timed 
to convey product at 30° to the direction of flow. Another 
chain conveyor with pushers attached traveling beneath 
a dead plate on which the product rests intercepts the 
product and pushes it a full 90° from the initial direction 
of travel. While the product continues to be conveyed, 
air blasts, fixed slotted plates, and flex wipe brush con- 
veyors guide and fold the film on the ends of the product 
in the same manner as if wrapping a gift. Once the film 
has been folded, the product is conveyed between mov- 
ing Teflon® belts which transport the product via the 
ends of the package. The belts pass over spring loaded 
fixed heaters to seal the plastic film on the package 
ends. The belts continue to transport the package 
through an unheated area while still maintaining the 
package under compression to permit cooling of the 
sealed film. 
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[0005] Products can be packaged with cores up or 
down and in one or two levels of product. A customer 
perforation can also be added to the package as an op- 
tion provided in the film unwind section. The machine 
5 sections are driven by a plurality of AC servo motors at 
guaranteed speeds for individually wrapping rolls of 
household paper towels at up to 250 packages per 
minute (ppm). 



[0006] The ends of the package are sealed by top and 
bottom sealing dies which close on the film between 
products. Patent No. 5,433,063 describes how the seal- 
ing dies (and half dies) are positioned on belts (two half 
dies located 1 80° apart on each belt), how they are driv- 
en, the velocity profile of the dies, how power is trans- 
mitted to the belts, and the ability for the dies to be ro- 
tated about shaft interlinks on the pairs of belts to which 
they are attached. The sealing dies include four sealing 
wires and a cutoff knife. 

[0007] Patent No. 5,433,063 also describes multiple 
axes for independently driving each of the die sets at a 
variable velocity. The velocity of the axes relative to one 
another may be changed during a package making cy- 
cle without one die set interfering with any other die set. 
The actual velocity and acceleration of any given die at 
various positions within that die's travel is described in 
the patent. 

[0008] The relationship of the velocity and accelera- 
tion of each die half with respect to the position of that 
die half within its travel is referred to as the motion pro- 
file. The profile described in the patent is based around 
the velocity of the film. The velocity of the die is equal 
to the film velocity as the die half makes contact with the 
film. The die half then slows down to collapse the film 
between the bundles. As the die continues around the 
radius of the pulley, it begins to accelerate back to film 
velocity. The die half (with the bundle in front of it) will 
40 travel at film velocity until the next die half (following the 
current one) touches the film. Then the first die half de- 
celerates to allow the next die half to collapse the film 
tube. After that die half finishes collapsing the film tube, 
both will accelerate back to film velocity. 
45 [0009] In Patent No. 5,433,063, although not de- 
scribed, cam tracks are used in conjunction with cam 
followers mounted in various locations on the half dies. 
Together they serve as a means to control the orienta- 
tion and path of travel of the half dies. The patent goes 
so on to describe in column 3 that speeds of 45 packages 
per minute are attainable. This capability is based on a 
combination of the software programming for the veloc- 
ity profile of the dies, the size of the servo motors/motion 
controllers, the inertia based on the weight of the dies 
55 and driven components, and the cam track geometry. 
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Summary of the Invention 

A. Wrapping Apparatus and Method 

[0010] Like existing prior art, the invention is also a 
continuous motion apparatus and process. The inven- 
tion may also incorporate a similar multiple lane product 
inteed choke belt conveyor and flighted chain conveyor. 
At this point the process can begin to differ. The ability 
to converge product in this area from three or four lanes 
of product rather than converging product upstream with 
a separate product diverting conveyor can be provided. 
Product then transfers from the flighted chain conveyor 
in time to an overhead conveyor with pushers that push 
product in time across a dead plate to the girth former. 
The machine can have a standard forming shoulder 
overhead and drop away dead plate. A girth former 
which is breathable or fixed overwraps product with con- 
tinuously unwound film from an unwind positioned under 
the drop away dead plate in line with the machine. The 
film is not perforated. However, the film does entube the 
product and is then overlapped and sealed in a longitu- 
dinal direction in a manner similar to existing art. The 
cntubed product continues downstream via conveyor 
side pull belts on either side of the product along with 
top and a bottom conveyor belts, again like existing art. 
Top pull belts can be substituted with fixed product hold 
down guides. 

[001 1 ] Unlike the prior art, this process continues in a 
straight line where product from the pull belt section 
transfers over a fixed dead plate and gap to the sealing 
section . The entubed product begins to travel at a slight- 
ly reduced speed, causing the pitch between the prod- 
ucts to shorten. At this point the film gussets are tucked 
by timed air blasts simultaneously on each side of the 
package just before servo driven traveling top and bot- 
tom sealing dies close on the film between the packag- 
es. An impulse of current simultaneously seals leading 
and trailing packages on either side of the sealing dies 
and cuts the film to separate the packages. All of this is 
accomplished with one sealing/cutting wire. With a sim- 
plified die design, higher operating speeds are possible. 
Higher speeds are also made possible through the use 
of programming the software for the drive controllers of 
the servo motors to provide the appropriate velocity pro- 
file of the sealing die to achieve a given operating speed. 
[001 2] This process has been designed to package a 
single roll of household paper toweling or four rolls of 
bathroom tissue in a cores down application at an oper- 
ating speed of 1 60 ppm. The design speed for the proc- 
ess is 200 ppm. 

[001 3] Although the specific embodiment described 
herein is for cores down and a single level of product, 
products can also be packaged cores up and in two lev- 
els as well. The invention can also accommodate prod- 
uct of varying individual roll density ranging from soft to 
hard and non-compressible product. 



B. Sealing Dies 

[0014] The construction and application of the motion 
profile of the sealing dies differs from the previous art in 
5 several significant ways. The new profile calculations 
are approached differently to begin with and, in the end, 
result in cubic motion throughoutthe entire profile. Cubic 
motion gradually changes the acceleration to reduce 
peak jerk levels and ease the burden on the mechanical 
10 assemblies. 

[0015] The new profile consists of two major sections: 
the sealing move and the return move. The sealing 
move commences at the point where the die half first 
touches the film and ends when the die halves are no 
is longer u nder pressure. At this point, the dies are no long- 
er gripping the package, though they may be pushing it 
toward the discharge. The return move commences at 
this point and ends when the die half again touches the 
film and begins the sealing move for the next package. 
20 [0016] In the previous art, the proximity switch was 
deemed the starting point of the profile. The die half 
would accelerate or decelerate from there to the point 
where it touched the film. The new profile calculations 
begin at the point where the die touches the film. From 
25 that point to the end of the sealing distance, all velocities 
and distances are directly determined by the dimen- 
sions of the cam track and package configuration. Once 
there are calculated, the entire distance from the end of 
the sealing move to the next die at film point is available 
for the return move. It is no longer limited in any way by 
the location of the proximity switch. 
[001 7] The new profile also eliminates several die pro- 
file parameters that, in the previous art, were required 
to configure the profile to different package sizes. For 
example, the "die offset 1° parameter was used to vary 
the space between the dies afterthey closed for differing 
package configurations. The new profile calculates all 
the necessary velocities and distances automatically for 
each configuration. It does this by comparing the master 
and slave travel distances throughout the sealing move, 
taking into account such variables as where the die will 
be placed between the packages, the distance the die 
must slow down to allow the incoming product to catch 
up with it, and the distance the lead package must slow 
down to collapse the film. 

[0018] A return move is then calculated depending on 
the time and distance left after the sealing move is com- 
plete. A speed up segment may be added if it is deter- 
mined that the die will impede the package as it exits 
the discharge. 

[0019] The new profile is first developed as a quad- 
ratic profile with the eventual conversion to cubic motion 
as a major consideration. The previous art divided all 
speed up or slow down moves into standard trapezoidal 
motion where the master distance is evenly divided by 
three. The new profile calculations attempt to divide the 
moves evenly in two with the realization that the peak 
changes of acceleration will be smoothed out with the 
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cubic motion conversion. Sometimes, however, a max- 
imum or minimum velocity will force the addition of a 
third segment. The die during this segment will travel at 
this velocity limit for the minimum distance necessary 
and then resume acceleration. This keeps the acceler- 
ation rates at a minimum while remaining within velocity 
limits. 

[0020] After this quadratic profile is calculated, it is 
then converted to the more complex cubic motion pro- 
file. Each segment of the quadratic profile that contains 
a change in velocity is divided in half, and the acceler- 
ation is distributed such that it is increasing during the 
first half and decreasing during the second half. This re- 
sults in a curved velocity profile that significantly reduc- 
es abrupt changes in acceleration which, in turn, reduc- 
es mechanical stress on the moving parts and undesir- 
able motion of the half dies as they touch the film and 
come together at the beginning of sealing. 
[0021] The pain of travel of the dies is controlled by a 
closed loop linear bearing hardened steel "V" track. 
Each edge of the track has an opposed "V" shape. It is 
comprised of two horizontal sections some distance 
apart while inline and parallel to each other. They are 
joined at each end by a full radius section. Its appear- 
ance resembles that of an oval "race track" positioned 
in a vertical plane. Four linear bearing and track systems 
are used to support and guide the half dies. Two of the 
linear bearing track systems are used to support and 
guide the upper half dies, and two support and guide the 
lower half dies. The tracks for the upper dies are offset 
to each other three inches horizontally and vertically. 
The dies are positioned between the tracks to split the 
difference between the total horizontal and vertical off- 
set. In this way both the upper and lower half dies can 
maintain a vertical orientation throughout their path of 
travel. This is further achieved by a reduced center of 
gravity of the half dies with respect to their respective 
offset and to the design of the carriages to which the half 
dies are attached. 

[0022] The carriages, like the previous art, utilize a ro- 
tatable shaft to permit the desired orientation of the half 
dies in conjunction with the linear bearing track systems. 
The carriages incorporate a center rotatable shaft op- 
posed on either side by bogie arms. All of these compo- 
nents incorporate tapered roller bearings. The wheels 
attached to the bogie arms of the carriage have an op- 
posed "V" profile which capture and travel on the op- 
posed "V's" of the track. The design of the carriage im- 
parts a particular stiffness which is important in main- 
taining control of the vertical position of the half dies at 
speed. 

[0023] Mechanically, the carriages in conjunction with 
the geometry of the linear bearing track system make it 
possible to achieve a design speed of 200 packages per 
minute and an operating speed of 160 packages per 
minute. This is further made possible as a result of soft- 
ware programming for the velocity profile of the half dies 
and reduced component weight as previously men- 



tioned. In addition to promoting higher speeds than the 
previous art, this invention provides a means for better 
control of the half dies by not utilizing a path of travel 
which incorporates vertical motion of the half dies. The 

5 only support the half dies have in the previous art when 
traveling vertically in their path of travel is that given by 
the belts to which the half dies are attached. The full 
radius sections of the track in this invention provide 
more support, stability and therefore control of the half 

10 dies while they are in motion. 

Description of the Drawing 

[0024] The invention will be explained in conjunction 
15 with an illustrative embodiment shown in the accompa- 
nying drawing, in which — 

Figure 1 is a side elevational view of a packaging 
apparatus in accordance with the invention; 
20 Figure 2 is a front end view of the packaging appa- 

ratus; 

Figure 3 is a top plan view of the packaging appa- 
ratus; 

Figure 4 is a side elevational view of the sealing die 
25 assembly of the packaging apparatus; 

Figure 5 is a front elevational view of one of the pairs 
of upper and lower sealing dies; 
Figure 6 is a sectional view taken along the line 6-6 
of Figure 5; 

30 Figure 6A is an enlarged sectional view of the seal- 
ing ribbon of Figure 6; 

Figure 7 is a top view of the lower sealing die taken 

along the line 7-7 of Figure 5; 

Figure 8 is a top view of the upper sealing die taken 

35 along the line 8-8 of Figure 5; 

Figure 9 is a side elevational view, taken along the 
line 9-9 of Figure 7, of the carriage for the lower die 
on the drive side of the machine; 
Figure 1 0 is a side elevational view, taken along the 

40 line 1 0-1 0 of Figure 7, of the lower die on the oper- 
ator side of the machine; 

Figure 11 is a sectional view taken along the line 
11-11 of Figure 9; 

Figure 12 is a sectional view taken along the line 
45 12-12 of Figure 10; 

Figure 13 is a sectional view taken along the line 
13-13 of Figure 10; 

Figure 14 is a top view of the bottom die showing 

the horizontal offset of the die carriages; 
so Figure 15 is a front view of the bottom die showing 

the vertical offset of the die carriages; 

Figure 16 is a side view of the bottom die taken 

along the line 16-16 of Figure 15; 

Figure 17 is a top view of the top die showing the 
55 horizontal offset of the die carriages; 

Figure 1 8 is a front view of the top die showing the 

vertical offset of the die carriages; 

Figure 19 is a side view of the top die taken along 
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the line 19-19 of Figure 15; 

Figure 20 is a diagrammatical perspective view of 
the upper tracks and two of the top die assemblies; 
Figures 21-25 are diagrammatical illustrations 
showing the sequence of the sealing operation; 
Figure 26 is a graph of the motion profile of prior art 
sealing dies; 

Figure 27 is a graph of the preliminary quadratic mo- 
tion profile of the sealing dies of the invention; 
Figure 28 is a graph of the final cubic motion profile 
of the sealing dies of the invention; 
Figure 29 illustrates the critical angle of the motion 
of the top dies; 

Figure 30 is a graph of the motion profile of the dies 
of the invention; 

Figure 31 is a graph of the angular velocity of the 
dies of the invention; and 

Figure 32 is a perspective view of a package of rolls 
of bathroom tissue which is packaged and sealed 
by the sealing apparatus of the invention. 

Description of Specific Embodiment 

[0025] Referring to Figures 1 -3, a packaging machine 
1 0 includes a girth former section 1 1 , a film unwind sec- 
tion 12 which is positioned in line with respect to the di- 
rection of product flow, and a sealing section 13. The 
packaging machine may also include conventional 
equipment upstream from the girth former such as a 
multiple lane product infeed choke belt conveyor and a 
flighted chain conveyor. 

[0026] Product is transferred from the flighted chain 
conveyor to a top conveyor with pushers that push prod- 
uct across a drop away dead plate 14, then into the girth 
former. Details of the breathable and adjustable girth 
former are described in U. S. Patent Nos. 5,255,495 and 
5,799,467. 

[0027] The girth former overwraps the product with 
continuously unwound plastic film from the unwind 12. 
The film entubes the product and is overlapped and 
sealed in a longitudinal direction in a conventional man- 
ner. The entubed product is advanced downstream by 
conveyor side pull belts 16 and by the top and bottom 
pull elt conveyors 1 7 and 18. 

[0028] A fixed plate 20 supports the product as it is 
transferred from the pull belts to the sealing section 13. 
The entubed product begins to travel at a slightly re- 
duced speed, causing the pitch between the products 
to shorten. The film gussets are tacked by conventional 
timed air blasts simultaneously on each side of the prod- 
uct. 

[0029] The sealing section 13 includes a box-like 
frame 22 and a pair of upper oval tracks 23 and 24 and 
a pair of lower oval tracks 25 and 26 which are supported 
by the frame. Referring to Figure 4, a plurality of top die 
assemblies 27 ride on the upper tracks, and a plurality 
of bottom die assemblies 28 ride on the lower tracks. 
[0030] Referring to Figure 5-7, each of the bottom die 



assemblies 28 includes an elongated sealing bar 30 
which is pivotally mounted on carriages 31 and 32. The 
carriage 32 on the drive side of machine includes a car- 
riage housing 33 (Figure 9) and four bogie wheels 34-37 

5 which are rotatably mounted on a pair of bogie arms 38 
and 39 which are pivotally mounted on the housing. The 
carriage 31 on the operator side of the machine similarly 
includes a carriage housing 40 (Figure 10), four bogie 
wheels 41 -44, and a pair of bogie arms 45 and 46. 

w [0031] Each of the bogie wheels is provided with a V- 
shaped groove 48 which rides on a V-shaped edge on 
one of the lower tracks 25 and 26 (see Figures 5 and 8). 
Referring again to Figure 4, each of the lower tracks in- 
cludes an inside V-shaped edge 50 and an outside V- 

'5 shaped edge 51 . The inside bogie wheels 34, 35, 41 , 
and 42 ride on the inside edges of the tracks, and the 
outside bogie wheels 36, 37, 43, and 44 ride on the out- 
side edges of the tracks. Each of the oval tracks includes 
a pair of upper and lower parallel horizontal straight por- 

20 tions 52 and 53 and a pair of curved arcuate end portions 
54 and 55. 

[0032] Each of the bogie arms 38, 39, 45 and 46 in- 
cludes a center mounting shaft 57 (Figure 13) which is 
pivotally mounted in two bearings 58 and 59 in the car- 

25 riage housing. As shown in Figure 4, the pivotable bogie 
arms pivot as the carriages travel around the curved end 
portions of the tracks so that all four bogie wheels ride 
securely on the track. A carriage bearing shaft 60 (Fig- 
ure 1 2) is pivotally mounted in the center of the carriage 

30 by two bearings 61 and 62. Referring to Figures 5, 6, 
and 8, each of the top die assemblies 27 includes an 
elongated sealing bar 64 which is pivotally mounted in 
carriages 65 and 66. The carriages 65 and 66 are similar 
to the carriages 31 and 32. Carriage 65 includes car- 

35 riage housing 67 and grooved bogie wheels 68-71 which 
are mounted on pivotable bogie arms 72 and 73. Car- 
riage 66 includes carriage housing 74 and bogie wheels 
75-78 which are mounted on bogie arms 79 and 80. 
[0033] Each bogie arm is pivotally mounted in two 

40 bearings in the carriage housing. A carriage bearing 
shaft 90 is pivotally mounted in the center of the housing 
by two bearings 91. 

[0034] Referring to Figure 4, the inside bogie wheels 
68, 69, 75 and 76 ride on the inside V-shaped edges of 
45 the upper tracks 23 and 24 and the outside bogie wheels 
70, 71 , 77 and 78 ride on the outside V-shaped edges 
of the upper tracks. 

[0035] The sealing bar 30 of each of the bottom die 
assemblies includes a pair of end mounting brackets 92 

so and 93 (Figure 5) which are secured to the bearing 
shafts 60 of the carriages 3 1 and 32. Although the shafts 
60 are rotatably mounted in the carriage housings, the 
sealing bar cannot rotate because the carriages are off- 
set both horizontally and vertically. Referring to Figures 

55 1 4 and 1 5, the pivot points 95 and 96 of the shafts 60 of 
the carriages 31 and 32 are offset in the horizontal di- 
rection or in the direction of product flow relative to the 
center of gravity CG of the die assembly by the dimen- 
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sions A and B, respectively. The pivot points are offset 
in the vertical direction by the dimensions C and D. 
[0036] In one specific embodiment the distance be- 
tween the V grooves in the bogie wheels on each end 
of the die assembly was 40.06 inches, the dimensions 5 
A and B were both 1 .5 inches for a total horizontal offset 
of 3.0 inches, and the dimensions C and D were 2.25 
and 0.75 inches for a total vertical offset of 3.0 inches. 
[0037] The sealing bar 64 of each of the top die as- 
semblies 27 is similarly pivotally secured to the carriage 10 
bearing shafts 90 by end brackets 98 and 99 (Figure 5). 
The pivot points 1 00 and 1 01 (Figures 1 7 and 1 8) of the 
carriage bearing shafts 90 are offset horizontally from 
the center of gravity CG of the die assembly by dimen- 
sions E and F and are offset vertically by dimensions G 1$ 
and H. In one specific embodiment the distance be- 
tween the V grooves of the bogie wheels was 40.06 
inches, the dimensions E and F were both 1 .50 inches 
for a total horizontal offset of 3.0 inches, and the dimen- 
sions G and H were 4.50 and 1 .50 inches for a vertical 
offset of 3.0 inches. 

[0038] The two upper tracks 23 and 24 are offset hor- 
izontally and vertically by the same amount as the off- 
sets of the carriages for the upper die assembly. The 
two lower tracks 25 and 26 are similarly offset horizon- 
tally and vertically. 

[0039] The effect of the horizontal and vertical offset 
is illustrated in Figure 20, which illustrates top die as- 
semblies 27A and 27B traveling around upper tracks 23 
and 24. The relative positions of carriages 65A and 66A 
and carriages 65B and 66B are maintained throughout 
the path of travel, and the sealing bars 64A and 64B are 
thereby always maintained in a vertical position. The 
lower sealing bars 30 are likewise maintained in vertical 
position as they travel around the lower tracks. 
[0040] In the embodiment illustrated in Figure 4, three 
pairs of top die assemblies 27A 1 and 27A 2 , 27B 1s and 
27B 2> and 27C-, and 27C 2 are mounted on the upper 
tracks 23 and 24. Each pair of die assemblies is inde- 
pendently driven by one of three top drive belts 105A, 
105B, and 105C (Figure 2) on each side of the sealing 
section . A drive shaft 1 06 is attached to each of the drive 
belts by a connector 1 07. Each of the drive shafts is con- 
nected to one of the carriages by a drive shaft housing 
108 (Figures 9 and 10) which is secured to the carriage 
housing. The drive shaft is inserted into a notch 109 in 
the drive shaft housing and is secured by a cap 110 
which is screwed onto the housing. 
[0041] Each pair of drive belts 1 05A, 1 05B, and 1 05C 
is driven by a separate servo motor 112A, 112B, and 
112C (Figures 1 and 2) so that each pair of die assem- 
blies 27A, 27B, and 27C can be driven independently. 
[0042] In Figure 4 three pairs of bottom die assem- 
blies 28A 1 and 28A 2 , 28B 1f and 28B 2! and 28C.,, and 
28C 2 are mounted on the lower tracks 25 and 26 and 
are driven by bottom drive belts 114A, 114B, and 11 4C 
and drive shafts 115 (Figure 2). The pairs 28A, 28B, and 
28C of bottom die assemblies are driven by the servo 
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motors 112A, 112B, and 112C, respectively. 
[0043] The top and bottom dies 27A and 28A are driv- 
en by the same servo motor 112A. The movement of 
those dies is therefore coordinated, and a top die 27A 
meets a bottom die 28A as those dies move around the 
left curved ends of the tracks and approach the horizon- 
tal portions of the tracks. Similarly, the top and bottom 
dies 27B, 27C and 28B, 28C are driven by common ser- 
vos 112B and 112C, respectively. 
[0044] The preferred sealing mechanism is illustrated 
in Figure 6. An electrical resistance sealing ribbon 120 
is mounted on each of the top sealing bars 64. The rib- 
bon includes a pair of flat side portions 1 21 and a central 
projection 122 which projects beyond the plane of the 
side portions. 

[0045] A compressible and resilient silicone pad 124 
is mounted on each of the bottom sealing bars 30. A pair 
of gripper plates 125 extend downwardly from the top 
sealing bar and are engageable with compressible and 
resilient gripper pads 126 on the bottom sealing bar. 
Each of the bottom sealing bars also includes a pair of 
upwardly extending, elongated prongs 127 (Figure 4). 
[0046] The specific sealing ribbon 120 illustrated in 
Figures 6 and 6A is available from Toss Machine Com- 
ponents of Nazareth, Pennsylvania. The ribbon is heat- 
ed by electric current in order to seal and sever the two 
layers formed by the plastic film. 

[0047] As the top and bottom sealing bars close on 
the film, the prongs 127 and the bottom sealing bar 
serve to guide the top sealing bar. The film is held by 
gripper plates 125 on the upper sealing bar which push 
the film against the gripper pads 126. As the heated 
sealing ribbon 1 20 clamps the film against the pad 1 24, 
the top and bottom layers of the film are fused. The cen- 
tral projection 1 22 severs the layers of film between the 
fused portions. 

[0048] The sealing bars 27 and 28 seal the film over 
a very short dimension in the direction of product flow 
and simultaneously sever the film. The sealing dies 
therefore require less film for sealing and severing the 
film than the sealing and cutoff dies of U.S. Patent No. 
5,433,063. The sealing dies 27 and 28 are also much 
lighter and have less inertia than prior dies. The new 
sealing dies can therefore moved faster around the 
tracks. 

[0049] Figures 21-25 illustrate the sequence of the 
sealing operation. Figure 21 illustrates upper and lower 
dies 27A 1 and 28A 1 coming together and collapsing the 
tube of film F behind product P 2 and beginning to push 
the product P 2 through the sealing section . The film has 
already been sealed around product P 1 in the previous 
cycle. 

[0050] Figure 22 shows the dies 27A 1 and 28A 1 at the 
beginning of the sealing cycle where the film tube F has 
been impinged between the upper and lower dies and 
the dies continue to push the product P2 through the 
sealing section. A new product P 3 moves in behind the 
dies 27A 1 and 28A V 
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[0051] In Figure 23 the dies 27A 1 and 28A 1 are posi- 
tioned midway through the sealing cycle. Dies 27B 1 and 
28B-, collapse the film F behind product P 3 . A new prod- 
uct P 4 moves up. 

[0052] in Figure 24 the sealing and cutting process of 
dies 27A 1 and 28A 1 is completed. The dies 27A 1 and 
are ready to be accelerated away from the product 
P 3 . The dies 27A 2 and 28A 2 are driven by the same drive 
belt as the dies 27A-, and 28A 1 , respectively, and will be 
accelerated toward the new product to be in position to 
collapse the tube of film on a new product. At the same 
time, the completely sealed and cut package P 2 is dis- 
charged out of the sealing section. Dies 27B 1 and 283^ 
are in the process of sealing the film behind product P 3 . 
Dies 27Ct and 28C, collapse the film tube behind the 
product P 4 . 

[0053] In Figure 25 the sealing process is being com- 
pleted for package P 3 , and the upper and lower dies 
27A 2 and 28A 2 slow down to begin to repeat the sealing 
process on product P 5 . 

[0054] Figures 26-28 compare the motion profiles of 
the prior art dies described in U.S. Patent No. 5,433,063 
and the dies of this invention. In the prior art, as illus- 
trated in Figure 26, the velocity of the dies is equal to 
the film velocity as the die halves make contact with the 
film. The die halves then slow down to collapse the film 
between the products. As each die continues around the 
radius of the pulley, it begins to accelerate back to film 
velocity. Each die half, with a product in front of it, will 
travel at film velocity until the next die half touches the 
film. Then the first die half will decelerate to allow the 
next die half to collapse the film tube. After that die half 
finishes collapsing the film tube, both will accelerate 
back to film velocity. 

[0055] The new profile illustrated in figure 27 is first 
developed as a quadratic profile with the eventual con- 
version to cubic motion as a major consideration. The 
previous art illustrated in Figure 26 divided all speed up 
or slow down moves into standard trapezoidal motion 
where the master distance is evenly divided by three. 
The new profile calculations attempt to divide the moves 
evenly in two with the realization that the peak changes 
of acceleration will be smoothed out with the cubic mo- 
tion conversion. Sometimes, however, a maximum or 
minimum velocity will force the addition of a third seg- 
ment. The die during this segment will travel at this ve- 
locity limit for the minimum distance necessary and then 
resume acceleration. This keeps the acceleration rates 
at a minimum while remaining within velocity limits. 
[0056] After this quadratic profile is calculated, it is 
then converted to the more complex cubic motion profile 
illustrated in Figure 28. Each segment of the quadratic 
profile that contains a change in velocity is divided in 
half, and the acceleration is distributed such that it is 
increasing during the first half and decreasing during the 
second half. This results in a curved velocity profile that 
significantly reduces abrupt changes in acceleration 
which, in turn, reduces mechanical stress on the moving 



parts and undesirable motion of the half dies as they 
touch the film and come together at the beginning of 
sealing. 

[0057] Figure 29 illustrates the arcuate end portion of 
5 one of the upper tracks and the height of the package 
and the film tube. The upper die first touches the film at 
point A and must decelerate from film velocity to product 
velocity in the distance from point A until the die reaches 
bottom-dead-center on the arcuate end portion of the 
10 track at point B. The angle between points A and B is 
referred to as the critical angle. The arc length that the 
die travels over the critical angle is the critical angle dis- 
tance. 

[0058] The path of the lower die is the mirror image of 
*5 the path of the upper die. The lower die contacts the 
bottom of the film tube as the lower die moves upwardly 
along the arcuate end portion of the lower track and de- 
celerates until the lower die reaches the top-dead-cent- 
er position on the radius of the arcuate portion of the 
20 track. 

[0059] As the upper die half reaches the bottom of the 
radius, it approaches the package velocity. The die half 
will continue to travel at the package velocity for the dis- 
tance specified as the seal distance. During this part of 

25 the travel, the package will be sealed and cut from the 
continuous tube of film. After the seal distance, the die 
half will accelerate to travel the remaining distance of 
the track to be in position for the next product. 
[0060] The motion profile provides a continuous 

30 change in deceleration of the die half through the critical 
angle distance. This motion provides for a smoother col- 
lapse of the film tube and transition into the seal dis- 
tance. 

[0061] The invention provides an in-line gusseted trim 
35 seal style package and provides higher operating 
speeds, film savings, and additional area on the end 
panel to print advertising. 

[0062] Figure 32 illustrates a package 1 25 of four rolls 
126 of bathroom tissue. The ends of the package are 
40 closed by gussets 1 27 and 1 28 and sealed by trim seals 
129. 

[0063] While in the foregoing specification a detailed 
description of a specific embodiment of the invention 
was set down for the purpose of illustration, it will be 
t5 understood that many of the details hereingiven can be 
varied considerably by those skilled in the art without 
departing from the spirit and scope of the invention. 



1 . A sealing apparatus for sealing a film to form a pack- 
age which moves along a path having right and left 
sides, the sealing apparatus comprising: 

55 

right and left upper tracks which are spaced 
apart transversely with respect to said path, 
right and left lower tracks which are spaced 
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apart transversely with respect to said path, 5. 
each of said tracks having upper and lower por- 
tions which are generally parallel to said path 
and a pair of curved end portions which connect 
the upper and lower portions, the lower portions 5 
of the upper tracks being adjacent to the upper 6. 
portions of the lower tracks, 
a plurality of upper die assemblies mounted for 
movement on the upper tracks, each of the up- 
per die assemblies including a right carriage 10 
and a left carriage which are supported by the 
right and left upper tracks, respectively, and an 7. 
upper die which extends between the carriag- 
es, 

a plurality of lower die assemblies mounted for is 
movement on the lower tracks, each of lower 8. 
die assemblies including a right carriage and a 
left carriage which are supported by the right 
and left lower tracks, respectively, and a lower 
die which extends between the carriages, 20 
each of the upper die assemblies being asso- 
ciated with one of the lower die assemblies to 
form a pair of upper and lower die assemblies, 9. 
means for moving each pair of die assemblies 
around the upper and lower tracks so that the 25 
die assemblies of each pair meet and travel to- 
gether along said adjacent portions of the 
tracks, each of the upper and lower die assem- 
blies includes a right carriage and a left car- 
riage, each of the upper and lower dies being 30 
pivotaliy connected to a right carriage at a right 
pivot point and being pivotaliy connected to a 
left carriage at a left pivot point, the right and 
left pivot points of each die being offset both in 
the direction of said path and in a direction 35 
which is transverse to said path whereby each 
die is maintained in a substantially constant ori- 
entation as the die moves around the tracks. 

2. The sealing apparatus of claim 1 in which each of 40 
said carriages includes a plurality of wheels which 
ride on the associated track. 

3. The sealing apparatus of claim 1 in which each of 

the tracks includes an inside support surface and 45 
an outside support surface and each of said carriag- 
es includes inside and outside wheels which ride on 
said inside and outside support surfaces. 

4. The sealing apparatus of claim 1 in which each of so 
the tracks includes an inside support surface and 

an outside support su rf ace and each of said carriag- 
es includes a housing, a pair of bogie arms pivotaliy 
mounted on the housing, and inside and outside 
wheels rotatably mounted on each of the bogie 55 
arms which ride on said inside and outside support 
surfaces. 



The sealing apparatus of claim 1 in which one of the 
dies of each pair of die assemblies includes a heat- 
ing wire and the other die of the pair includes a re- 
silient pad. 

The sealing apparatus of claim 1 in which said 
means for moving each pair of die assemblies in- 
cludes a separate drive mechanism for each pair of 
die assemblies, said drive mechanisms being oper- 
able independently of each other. 

The sealing apparatus of claim 1 in which each of 
the curved end portions of the tracks curves along 
a radius of a circle. 

The sealing apparatus of claim 1 in which the upper 
tracks are offset in a direction which extends per- 
pendicularly to the upper and lower portions of the 
tracks and the lower tracks are offset in a direction 
which extends perpendicularly to the upper and 
lower portions of the tracks. 

A sealing apparatus for sealing a film to form a pack- 
age which moves along a path comprising: 

a pair of upper tracks which are spaced apart 
transversely with respect to said path, 
a pair of lower tracks which are spaced apart 
transversely with respect to said path, 
each of said tracks including an inside support 
surface and an outside support surface, upper 
and lower portions which are generally parallel 
to said path, and a pair of curved end portions 
which connect the upper and lower portions, 
the lower portions of the upper tracks being ad- 
jacent to the upper portions of the lower tracks, 
a plurality of upper die assemblies mounted for 
movement on the upper tracks, each of the up- 
per die assemblies including a pair of carriages 
which are supported by the upper tracks and 
an upper die which extends between the car- 
riages, 

a plurality of lower die assemblies mounted for 
movement on the lower tracks, each of lower 
die assemblies including a pair of carriages 
which are supported by the lower tracks and a 
lower die which extends between the carriages, 
each of the upper die assemblies being asso- 
ciated with one of the lower die assemblies to 
form a pair of upper and lower die assemblies, 
and 

means for moving each pair of die assemblies 
around the upper and lower tracks os that the 
die assemblies of each pair meet and travel to- 
gether along said adjacent portions of the 
tracks, 

each of said carriages including a housing, a 
pair of bogie arms pivotaliy mounted on the 
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housing, and inside and outside wheels rotata- 
bly mounted on each of the bogie arms which 
ride on said inside and outside support surfac- 
es. 

10. A method of sealing a series of products in a film 
comprising: 

mounting upper sealing dies on a pair of upper 
oval tracks and mounting lower sealing dies on 
a pair of lower oval tracks, each of the tracks 
having upper and lower portions and front and 
rear curved end portions which connect the up- 
per and lower portions, 

advancing the products along a path which ex- 
tends between the upper tracks and between 
the lower tracks, each of the products having a 
front, a rear, a top which is between the upper 
and lower portions of the upper tracks, and a 
bottom which is between the upper and lower 
portions of the lower tracks, 
wrapping the products in a film and advancing 
the film with the products, the film being ad- 
vanced at a faster velocity than the velocity at 
which the products are advanced, 
moving a first upper die and a first lower die 
along the curved rear end portions of the upper 
and lower tracks at substantially the same ve- 
locity as the velocity of the film to engage the 
film behind the rear of a first product ahead of 
the front of a second product and to push the 
film toward the rear of the first product and then 
decelerating the upper and lower dies so that 
the dies substantially reach the velocity of the 
products as the dies reach the end of thecurved 
rear end portions of the tracks, and 
moving the first upper die along the lower por- 
tion of the upper track and moving the first lower 
die along the upper portion of the lower track 
and using the dies to seal the film between the 
first upper and lower dies and to sever the film. 

1 1 . The method of claim 1 0 including the step of moving 
the upper and lower dies at substantially the velocity 
of the products while the dies seal and sever the 
film. 

12. The method of claim 1 1 including the step of accel- 
erating the upper and lower dies after they sever 
the film. 

13. The method of claim 1 0 including the steps of main- 
taining the upper dies in substantially the same ori- 
entation as the upper dies move along the upper 
track and maintaining the lower dies in substantially 
the same orientation as the lower dies move along 
the lower track. 



14. A method of sealing a series of products in a film 
comprising: 

advancing the products along a path, 
5 wrapping the products in a tube of film and ad- 

vancing the film tube in the direction of said 
path at a faster velocity than the velocity of the 
products, 

moving upper and lower sealing dies toward 
*o each other and also in the direction of said path 

so that the dies contact the film tube between 
first and second products, the upper and lower 
dies being advanced at substantially the veloc- 
ity of the film tube when the dies contact the film 
15 tube, 

decelerating the upper and lower dies as the 
dies continue to move toward each other and 
also in the direction of said path to collapse the 
film tube between the dies behind said first 
20 product, 

advancing the upper and lower dies at substan- 
tially the velocity of the products and sealing 
and severing the film tube between the upper 
and lower dies, and 
25 accelerating the upper and lower dies away 

from the second product. 

15. The method of claim 14 in which the upper and low- 
er dies move along curved paths between the time 

30 when the dies contact the film tube and the time 
when the film tube is collapsed between the dies. 

16. A method of sealing a series of products in a film 
comprising: 

35 

mounting right and left upper carriages on right 
and left upper oval tracks and mounting right 
and left lower carriages on right and left lower 
oval tracks, each of thetracks having upper and 
40 lower portions and front and rear curved end 

portions which connect the upper and lower 
portions, 

pivotally connecting an upper sealing die to the 
right upper carriage at a right pivot point and to 

45 the left upper carriage at a left pivot point so 

that the right and left pivot points are offset both 
in a direction which extends parallel to the up- 
per and lower portions of the tracks and in a 
direction which extends transversely to the up- 

50 per and lower portions of the tracks, 

pivotally connecting a lower sealing die to the 
right lower carriage at a right pivot point and to 
the left lower carriage at a left pivot point so that 
the right and left pivot are offset both in a direc- 

55 tion which extends parallel to the upper and 

lower portions of the tracks and in a direction 
which extends transversely to the upper and 
lower portions of the tracks, 
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wrapping the products in a film and advancing 
the film with the products, 
moving the upper and lower carriages around 
the upper and lower tracks while maintaining 
the offset between the right and left pivot points 5 
of the upper and lower dies so that each of the 
upper and lower dies is maintained in a con- 
stant orientation relative to said path, and 
sealing the film between the upper and lower 
dies as the upper die moves along the lower 10 
portions of the upper tracks and the lower die 
moves along the upper portions of the lower 
tracks. 
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